Objective: To evaluate all available literature and develop a pooled estimate of the risk of sharps injuries (SI) among home care (HC) nurses and aides. Methods: A systematic literature search was conducted and relevant articles were reviewed following Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Primary outcome data from studies identified by the systematic review were pooled using a random effects model to calculate a summary measure of SI risk for nurses and for aides. Results: Five articles were included in the final analysis. Nurses had a 5.25% weighted average risk of experiencing at least one SI in the past year while working in HC (95% confidence interval [CI]: 3.11% to 7.40%); aides pooled SI risk was 1.74% (95% CI: 0.72% to 2.77%). Conclusions: Combining findings of all available studies demonstrates that there is a serious risk of SI among both the HC nurses and aides.
H ome care (HC) is one of the fastest growing industries in the United States, in part due to the rapidly aging population and trend towards reducing hospital stays and increasing medical services in the home. 1 Home medical care often includes diabetes monitoring, medication and vitamin injections, blood collection, chemotherapy, and intravenous (IV) administration of antibiotics, and other infusion therapies. Many of these procedures require the use of sharp medical devices such as needles, syringes, and lancets, collectively called ''sharps.'' Needlesticks and other sharps injuries (SI) present a risk of serious bloodborne pathogen exposures, including Hepatitis B and C and HIV, to the nurses and aides who work in home care.
In response to growing industry demands, employment in HC nursing and in HC aide assistance is also expanding rapidly. There are approximately 168,000 home care nurses 2 and three million home care aides 3, 4 in the US. Personal care aides and home health aides claim the second (48.8%) and third (48.5%) positions, respectively, for fastest growing occupations in the US between 2012 and 2022. 5 Other HC aide job titles include home health aide, home care aide, homemaker, personal care homemaker, hospice aide, certified nursing assistant (CNA), personal care aide/attendant (PCA), companion, and heavy chore worker. While there are differences in the work performed by these jobs, there is considerable overlap with respect to the risk of SI [6] [7] [8] and the term HC aide is used throughout this paper to refer to all aide jobs.
Home medical services and supervision of medications are primarily delivered by nurses. HC aides typically assist activities of daily living such as bathing, toileting, dressing, physical exercising, client mobility and transfers, for example from bed to wheelchair, cleaning, and food preparation. While HC aides typically do not use sharps directly, they are sometimes pressured by a client or family member to use a sharp 6, 9 and all aides are at risk of SI by encountering sharps left around the home after they have been used by a client or client's family member.
Hospitals and other healthcare facilities are required to record SI according to the US Occupational Safety and Health Administration Bloodborne Pathogen standard (29 CFR 1910 (29 CFR .1030 ). 10 In hospitals there are often surveillance systems in place to monitor SI rates and possibly the tasks or risk factors related to those injuries. Sharps injuries are usually reported soon after the event occurs so that prophylactic treatment can be administered. Surveillance of SI in HC is not common and reporting of SI does not always occur, especially among client-hired aides. 8, 9, 11 Reasons cited for not reporting SI in HC include fear of getting in trouble or being blamed, lack of time to stop and report an incident, perceiving the risk of infection is low, concerns over confidentiality, and not knowing how to report SI. 12 
Objective
The goal of this investigation was to critically and systematically review the literature on SI among HC nurses and aides and to develop pooled estimates of the risks of SI among HC nurses and aides using meta-analysis methods.
METHODS
The design, implementation, and reporting of the systematic review and meta-analysis were conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. 13 
Exposure Event Definition
According to the US Occupational Safety and Health Administration Bloodborne Pathogen standard (29 CFR 1910 .1030), contaminated sharps are defined as any contaminated object that can penetrate the skin including, but not limited to, needles, scalpels, broken glass, broken capillary tubes, and exposed ends of dental wires. 10 The US Centers for Disease Control and Prevention (CDC) defines percutaneous injuries as interchangeable with SI; an exposure event occurring when a needle or other sharp object penetrates the
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skin.
14 Needlestick injury definitions typically refer to needles that penetrate the skin. 15 While these definitions are similar, there are slight variations across definitions. Sharps injuries and percutaneous injuries may include penetration of the skin from needles but may also include other medical and nonmedical devices that can penetrate the skin such as scissors or even human bites, for example. In our systematic review, SI exposure events were defined as percutaneous injuries resulting from penetration of the skin by previously used sharp medical devices, as experienced by nurses and aides while working in HC jobs.
Systematic Review
A systematic literature review was conducted using the PubMed database, which includes the US National Library of Medicine journal database, and EBSCO, which hosts numerous databases including CINAHL and many other nursing, allied health, and health sciences databases (Fig. 1) . The search was not restricted by language, country, or date through July 15, 2017. The search string used the structured search terms in the Medical Subjects Headings (MeSH) dictionary: ([[sharp OR needlestick OR percutaneous]] AND injury) AND home. The search yielded 276 articles in PubMed and 408 hits in EBSCO, which were further restricted to academic journals and journals (omitting magazines, newspaper articles, dissertations, continuing educational units, and trade publications). The titles and abstracts of the 276 articles resulting from the PubMed search and 330 articles from EBSCO were reviewed to determine whether they met inclusion criteria developed a priori. Inclusion criteria were as follows: (1) the study population was direct HC workers (nurses and HC aides were the only identified occupations); (2) findings were specific to SI; and (3) denominator data were reported in a manner that allowed estimation of the incidence of SI, either as a rate or a risk (incidence proportion). The references of all relevant articles were also reviewed to look for additional studies not found through the PubMed and EBSCO searches. None were found. If there were multiple publications that referred to the same study data, only the most recent publication was used in the analysis. Data were extracted from each article permitting the calculation of SI rates and/or risks by occupational group.
Bias Assessment
We evaluated all relevant articles for potential biases. Biases were evaluated first by the primary author working independently, then discussed with all authors concurrently. Variations in the recall of an event were identified as a bias within all of the studies. Across the studies, variations in recall period and event definition were also identified as potential biases. These biases are addressed further in the Results section.
Measures of Risk
In our models an SI event was defined as at least one nurse or aide getting stuck or cut by a previously used sharp medical device. The primary outcome for these studies was the number of SI reported in the past year which we used to calculate the rate. All studies identified in the literature search reported SI in the past 12 months, except one 16 which reported SI in the 3 years prior to the study survey administration. To use the data from this latter study in our meta-analysis we divided the number of SI events reported in 36 months by three to get an estimate of SI within the past 12 months. Rates of SI were reported per 100 full-time equivalent employees (FTE), a measure to standardize work hours across the employees in all of the studies based on a standard 2000 hours/ year. 17 Risk was defined as the probability of being injured at least once by a previously used sharp medical device in the past year while working in HC. Though not all studies reported risk we were able to calculate it from the information provided, thus allowing for direct comparison of studies. 
Pooled Estimate of Risk
We used a random effects model to calculate a summary measure of the SI risk. 18 Heterogeneity of the study risks was assessed using the Q and I 2 statistics. 19 Q is Cochran heterogeneity statistic, calculated as the weighted sum of squared differences between individual study effects and the pooled effect across studies, with the weights being those used in the pooling method.
19
I 2 describes the percentage of total variation across studies that is due to heterogeneity rather than chance. 20 When the I 2 value is high (above 50%) a fixed-effects model is generally used, whereas the random-effects model is used when I 2 is low.
RESULTS

Literature Review Results
Seventeen articles passed the initial screening and were comprehensively reviewed for relevancy according to the inclusion criteria. 6, 12, 16, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] Of these, 12 did not meet one or more inclusion criteria: study population was not specific to nurses or aides working in home care (n ¼ 8) [21] [22] [23] [24] [25] 30, 31, 33 ;and/or did not report denominator data (n ¼ 4). 25, 26, 29, 32, 34 Five articles 6, 12, 16, 27, 28 were included in the final analysis (Table 1) .
Details of Relevant Studies Included in the Analysis
Four articles 12, 16, 27, 28 evaluated SI among HC nurses while three articles 6, 12, 28 included HC aides in their analyses (Table 1 ). All study populations were located in the United States and their mean ages ranged between 46 and 63 years. Most study populations were employed in HC for an average of 6 to 11 years, 6, 12, 28 however, one population of nurses had a tenure of 22 years in HC 16 and the tenure was not reported for one population of nurses. 27 In one study, 6 tenure was defined as the mean number of years with the current home care employer, rather than the entire career. All studies were surveys of HC workers, administered by mail or in-person (Table 2 ). Four studies 6, 12, 27, 28 asked about SI in the past year; while the recall period for one study 16 was the previous 3 years, as noted previously.
Among nurses, the rate of SI per 100 FTE ranged from 5.1 to 12.6 ( Table 3 ). The rate of SI per 100 FTE ranged between 1.0 and 6.5 in the aide group. We also calculated the risk of experiencing at least one SI for each study population. Nurses had a 3% to 9% annual risk of SI while the annual risk of SI among aides ranged from 1% to 3%.
The risk of at least one SI in the past 12 months was the most consistently reported measure of risk and the one chosen for pooling (Fig. 2) . In the Gershon et al 16 article, nurses were asked to recall any percutaneous injury within the past 3 years, defined as contaminated needlesticks, human bites, and contaminated SI. We omitted human bite incidents (n ¼ 3) from our rate and risk calculations. The rate of percutaneous injuries (minus the three human bites) was 7.5 per 100 person-years and we were able to calculate the 95% CI using information provided in the article. Leiss et al 27 did not define fulltime versus part-time and insufficient information was provided to report the rate per 100 FTE. However, Leiss et al 27 did report an 
Synthesis Results
We calculated the weighted average risk of experiencing at least one SI while working in HC for both nurses and aides using random-effects models. A random effects model is preferred when the studies appear to be based on populations that differ from each other in systematic ways that could affect the size of the SI risk. 18 This appeared to be the case here, although the number of studies was limited. Among nurses, the fixed-effects model resulted in a Q value of 23.08 (df ¼ 3) which was substantially larger than the critical value of 7.82, indicating that we should reject the null hypothesis that the study risks were homogeneous and thus use the random effects model. Similarly, the I 2 was 87%, which means that a substantial majority of the variability was explained by differences among the studies. Among aides, the homogeneity results were qualitatively similar; the fixed-effects model resulted in a Q value of 7.41 (df ¼ 2) with an I 2 value of 73%, while the random-effects model resulted in a Q value of 2.23 (df ¼ 2) and an I 2 value of 10%. Nurses working in HC had a 5.25% weighted average risk of experiencing at least one SI in the past year (95% CI: 3.11% to 7.40%). Aides had a 1.74% weighted average risk of experiencing at least one SI in the previous year while working in HC (95% CI: 0.72% to 2.77%). (29 CFR 1910 .1030), 10 the National Institute for Occupational Safety and Health (NIOSH) funded several studies that aimed to evaluate the rate and risk of SI and associated risk factors among HC nurses and aides. The five studies that were identified in our systematic review were all funded by NIOSH under this initiative. 6, 12, 16, 27, 28 The coordination and collaboration that resulted from the NIOSH funding helped to ensure that the results of these independent, investigator-initiated projects would be sufficiently comparable to allow formal meta-analytic estimation of a combined risk. Our literature search did not find any other studies that met the inclusion criteria.
DISCUSSION
Two studies were identified which did not meet the inclusion criteria, but had findings qualitatively similar to those reported here. Haiduven and Ferrol 26 conducted an assessment of SI among HC nurses in the San Francisco Bay area. This cross-sectional pilot study was conducted using exposure reports submitted from three local HC agencies during 1993 to 1996. The study identified 52 SI, 92% of which were reported by registered nurses. 26 Ultimately, this study was not included in our final analysis because denominator data were not reported; however, the finding provides support for Contribution of each study to the overall summary effect estimate, calculated as the percent of the sum of the inverse variance study weights. Did not report rate per 100 FTE, however, incidence rate of needlesticks reported to be 7.9 per 100,000 home visits (95% CI: 5.3, 10.5).
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Reported as ''at least one sharps injury in the past year.'' Although aides typically do not use sharps directly to perform medical procedures, they are also at risk of SI in HC. We learned through previous research, including surveys and focus groups, that aides' SI risks are primarily from used sharps, often without engineered SI protections, stored for reuse and/or improperly disposed in the home. 6, 8, 9, 12 A recent study of HC aides identified important SI risk factors including male sex and being born outside the United States, as well as helping a client use a sharp, seeing used sharps lying around the home during a visit, and experiencing physical aggression while caring for a client. 6 In addition to the occupational health and safety impacts, SI have wide public health significance. A recent study found that sharps enter the home via multiple pathways: (1) HC agencies, hospice, or other medical service providers bring them into the home when they visit a client; (2) the clients or other sharps users in the home bypass HC providers and obtain the sharps themselves, for example, over the internet; and (3) selection and use of particular sharps can be influenced by physicians, insurance coverage, or even personal preference of the user. 7 Not only are HC workers at risk, but so too are clients, their family members or visitors within the home, as well as waste disposal workers. Risks of SI are also costly for HC agency employers because they require resources for training, management, prophylactic treatment, lost work time, and workers compensation insurance.
As the medicalization of HC intensifies, including with procedures that involve sharps, the risk of SI may increase. Ideally, preventive interventions for SI should be aimed at eliminating sharps use, including through the development of needleless medical devices and procedures. In the meantime, sharps with engineered sharp injury protection (SESIPs) should be used in HC. Patients being discharged from hospitals to HC should be educated about safe sharps handling and disposal and elder services managing HC should account for safe sharps use in clients' initial assessment for HC services and in clients' ongoing care plan. Additionally, HC agencies and other employers and occupational medicine physicians and nurses providing services for HC agencies should provide occupational safety and health training on SI prevention and protection.
Limitations
There were several limitations in this study. Only five studies were included in the final analysis. The majority of reviewed studies focused on registered nurses, however, two studies included a smaller population of aides and one study focused solely on aides. Nevertheless, the rates reported in the five studies analyzed here were in agreement.
Another limitation inherent to all five studies is that the SI data were based on recall of up to 12 months (36 months in one study). The SI events may have been either over-or underestimated through errors of memory. Hospital workers' SI experience is frequently underestimated 35 probably due to a variety of factors including fear of blame for carelessness, lack of time for following reporting procedures, and failure to recognize the risk. In an earlier pilot study 12 on SI reporting in a small sample of HC agencies that participated in a SI surveillance system evaluation, we estimated that approximately 50% of SI were not reported. If the data in the five studies analyzed here were subject to under-reporting, our risk estimates would be lower than the actual risk. Further evaluation of SI reporting in HC is needed.
A potential limitation related to the choice of the statistical model is the use of the Q-test to determine heterogeneity. The Q-test is susceptible to low power due to a small number of studies included in the meta-analysis. 19, 20 However, power does not directly affect the I 2 measure of heterogeneity as it is not dependent on the number of studies. 20 We used both the Q-test and I 2 measure to determine which model (fixed-or random-effects) was appropriate given the parameters of the data.
CONCLUSIONS
This meta-analysis found a significant risk of SI among HC nurses and aides. Coordination by the independent investigators at the initial research design stage was an effective approach for developing SI assessment methods and producing data that could be compared across studies and combined for more powerful risk estimates. Effective public health interventions include medical device re-design to eliminate sharps and changing clinical policies and practices to improve sharps safety.
